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(57) Abstract 



Compounds selected from those of genera] formuU lA-B (Croups I and 11)1 *nd (group m). (1. 2 and 3) where B is (4) and A U 
selected from specified aminoacyl compounds are inhibitors of DP-IV mediated processes. 
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DP-IV-SERINE EEOTEASE INHIBITORS 

Back ground 

DP-IV (EC 3 A 14-5) is a membrane-bound serine protease first idendfied in rat kidney by 
its ability to cleave dipepddcs from the N-ienninus of certain peptides (Hopsu-Havu, V.K. 
and Glenner, G.G., Histochemie, 1966, 7, 197), The dipeptides must be of the type X-Pro 
or X- Ala where X = any amino acid. X-Proline is more efficicndy cleaved than X- Ala. 

DP-IV is widely distributed in mammalian tissues and is found in great abundance in the 
kidney, intestinal epithelium and placenta (Yaron, A, and Naider, F., Critical Reviews in 
Biochem. MoL Biol. 1993, 28 (1), 31). In the human immune system the enzyme is 
expressed almost exclusively by activated T-lymphocytes of the CD4+ type where the • 
enzyme has been shown to be synonymous with the cell-surface antigen CD26. 

The exact role of DP-IV in human physiology is not completely understood but recent 
research has shown that the enzyme clearly has a major role in human physiology and 
pathophysiology, eg. 

(a) The immune response: DP-IV expression is increased in T-cells upon miiogcnic or 
antigenic stimulation (Mattem, T. ct al., Scand. /. ImmunoL 1991, 33, 737). It has 
been reponed that inhibitors of DP-IV and antibodies to DP-IV suppress the*" 
proliferation of mitogen- and antigen-stimulated T-cells in a dose-dependant maimer 
(Schon, E. et al., BioL Chem, Hoppe-Seyler, 1991, 372, 305 andrefs. within). 

Various other functions of T-lymphocyies such as cytokine production, IL-2 
mediated cell proliferation and B-ccU helper activity have been shown to be 
dependant on DP-IV activity (Schon. E. et al., Scand. J. ImmunoL 1989, 29, 127). 
Recendy, DP-IV inhibitors based on boroproline where reponed (Rentke, GJL et 
aL, Proc. Natl. Acad. ScL USA, 1991, 88. 1556) which, aldiough unstable, were 
effective in inhibiting antigen-induced lymphocyte proliferation and IL-2 production 
in murine CD4"** T-helper cells. Such boronic acid inhibitors have been shown to 
have an effect in vivo in mice causing suppression of antibody production induced 
by immune challenge (Kubota, T. et al.. Clin. Exp. ImmunoL 1992, 89, 192). Odier 
recent papers also provide evidence for the involvement of DP-IV in die immune 
response (eg, Tanaka, T. et al., Proc. Nad. Acad, ScL NY, 1593, 90, 4586; Hegen. M. 
et al.. Cell Immun. 1993, 146, 249; Subramanyan, M. ct al., /, ImmunoL 1993, 150, 
2544). 
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The imponancs of DP-IV is anribuied by some investigators to its cell-surface 
association with the transmembrane phosphatase 0045 (Torimoto, Y. ci al., /. 
Immunol. 1991, 147, 2514). The CD45 - DP-IV association is possibly disrupted by 
DP-IV inhibitors or non-acuve site ligands, CD45 is known to be an integral 
component of T-cell sig nallin gs 

(b) Recendy, a press release from the Pasteur Insumie in Paris (and subsequcndy a 
presentation by A,a Hovanessian at die 8di CenL Gardes Meeting. Paris. 25-27th 
October 1993) leponed that DP-IV was essential for die penetration and infectivity 
of HTV-l and HIV-2 viruses in CD4"*" T-cells, The French group claimed that DP-IV 
interacted widi and may have cleaved the V3 loop of die gpl20 envelope 
glyco-protein of the virus. They also reported that inhibitors or antibodies to DP-IV 
successfully prevented entry of die virus into cells. It was known previously that 
diere is a selective decrease of CD26 expression in T-cells ftom HIV-1 imected 
individuals (Valle-BIazquez, M et al., /. ImmunoL 1992, 149, 3073), and diat HJV-l 
Tat protein binds to DP-IV (Subramanyam, M. et al., 7. ImmunoL 1993, 150. 2544). 

(c) It has been shown recendy diat lung cndodielial DP-IV is an adhesion molecule for 
lung-metastaric rat breast and prostate carcinoma cells (Johnson, R.C. et aL, /. CeiL 
BioL 1993, 121, 1423). DP-IV is known to bind to fibroncctin and some metastatic 
tumour cells are known to carry large amounts of fibronectin on their surface, 

(d) DP-TV has been shown to associate widi die enzyme adenosine deaminase (ADA) 
on die surface of T-cells (Kameoka, J. et al„ Science, 1993, 261, 466). ADA 
deficiency causes severe combined immunodeficiency disease (SOD) in humans. 
This ADA-CD26 interaction may provide clues to die padiophysiology of SOD. 

(c) High levels of DP-IV expression have been found in human skin fibroblast cells 
from patients widi psoriasis, rheumatoid arthritis (RA) and lichen planus (Raynaud, 
R et aL, 7. Cell PhysioL 1992, 151, 378). 

(f) High DP-IV activity has been foimd in tissue homogenates from patients with 
• benign prostate hypertrophy and in prostatosomes. These are prostate derived 
organelles important for die enhancement of sperm forward moriliiy (Vanhoof, G. et 
al., Eur. J. Clin. Chem. Clin. Biochem. 1992, IQ, 333). 
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(g) DP-IV has been shown to be responsible for the degradation and inactivation of 
circulating peptides widi penultimate proline or alanine at the N-tcnuinus eg 
substance P. growth honnone releasing factor and members of ' the 
gIucago^^asoactivc intestinal peptide famUy (Mendiein, R. et al.. Eur. J. Biochem. 

(h) Raised levels of DP-IV have been observed in the gingiva of patients witi, 
penodontitis (Cox, S.W. et al., Arch. Oral. Biol. 1992, 32, 167). 

(i) There are also a number of other reports of raised (or sometimes lowered) levels of 
DP-IV in various pathological conditions. 

It follows from the above that potent inhibitors of DP-IV may be useful as drugs for the 
treatment of human disease. Such inhibitors could be useful as: 

(a) Immunosuppressants, eg. in organ transplantation; cytokine release suppressants eg 
m various autoimmune diseases such as inflammatory bowel disease, multiple 
sclerosis. RA. 

(b) Drugs for the prevention of HIV entry into T-cells and tiierefortJ useful in the 
prophylaxis and treatment of AIDS. 

(c) Drugs for tiie prevention of metastases, particularly of bn^st and prostate tumours to 
the lungs. 

(d) Agents to treat dermatologicaj diseases, eg. psoriasis, lichen planus. 

(e) Dnigs to suppress sperm motility and tiicrefore act as male contraceptive agents. 
(0 Agents beneficial in benign prostate hypertrophy. 

Inhibitors of DP-IV 

the only competitive inhibitors of DP-IV enzyme activity reported so far are the unstable 
boronic acids (t^ 30 - 90 min at pH 7) mentioned above. (Bachovchin et al.. WO 
1/16339. October 1991) having Kj values in the nanomolar range for DP-IV. and simple 
^o-acid pyrrolidides or tiiiazolides (Neubert et al.. DD 296 075 A5. November 1991) 
^ch have only modest potency (Kj > 0.1 jiM). Amino-acyl proline aldehydes claimed in 
^ saiue German patent cannot be synthesised due to a facfle intramolecular condensation 
N-temiinal amino group with the aldehyde function. 
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Wc now disclose highly potent competitive inhibitors of DP-IV (with K, values in the 10^ 
- 10 ^ge) whtch are also chemically stable (tj > 24 h). They fall into three broad 
groups of compounds (Groups I, n and HI). 



GROUP I 



These are molecules designed to bind tightly in Ae active site of DP-IV and to inhibft its 
proteolync activity without interfering wida attachment of any accessory ligands whi ^ 
may bmd to d,e surface of DP-IV a.e- not at its acdve site). Such Group I compo^d^ 
could be usefu as mrnmnosuppressants; and-HIV infectivi^ agents; agents to suppress 
release of certarn cytokines (eg. IL-2, IL-6. y-INF) from activated T-cells. T.e boL • 
acids and pyrrolidides referred to eaiiicr also fall into this category. 



GROUP II 



Th se axe evolved from Group I compounds; however they contain long-chain extensions 
to the s.de-chams of the amino-acid defined as A in the general structure. The resulting 
compounds bind tighdy to die active-site of DP-IV but the long-chain extensions protrude 
from die enzyme active site and serve to prevent ti,e attachment of any odier ligand which 
may bind to the surface of DP-IV. Such compounds could have die same uses as Group I 
compounds but in addition could block die interaction of DP-W^^^ CD CD45 (ii)tiie gp 
120 V3 OOP of mv-l (iii) tumour cell surface fibronectin (iv) any odier ligand import^ 
for T-ceU activation, vims entry into T-cells or tumour cell adhesion. 

GROUP m 

This group comprises novel dimers in which two active-site directed inhibitors of DP-IV 
are linked via die side-chains of dieir amino-add residues designated A in the general 
stmcture by a long chain. Such dimers can inhibit two molecules of DP-IV concunendy 
and also prevent accessory ligands binding to die surface of DP-IV. These dimers would 
have die same uses as Group II compounds but may be more effective. ' 
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The invention provides inhibitors of DP-IY mediated processes, the inhibitors being of 
general formula: 



^€ — A-B 

A-B (Groups I and H) or <<^ (Group HI) 

€ — A-B 



where Bis i^^X n=lor2; 

I m = 0,1 or 2; 



\ (CH^ X = CH2,O,S,S0.S02^ 
CH" *• NH or NRi where Ri = lower alkyUCj to Cfi); 

I 

R 

A is attached w Y; 

-Y = -N, -CH or =C (when the -CO group of A is replaced with CH= or CiF=); 

R= H. CN, CHO. B(OH)2. OC-Ri.or CH=N-R8; 

R7 = H, F. lower alkyUCi to Cfi). CN. NO2. OR9. CO^R, or COR9; 

R8 = Ph. OH. OR9. OCOR5.orOBn; 

Rg = lower alkyl (C^ - C^); and either a or both e's may be absent. 

The structure of A is dependent on the nature of R in moiety B and on the nature of the 
group to which the resulting compound belongs. 

Group I Compounds 

(a) R=H 

A is an a-anriiio-acyl group derived from an a-amino-acid bearing a cycloaKphatic 
side-chain (e.g. C4 to Cw. mono or bicyclic) whose ring may contain one or more 
heteroatoms e.g. L-cyclohexylglycine. L-cyclopentylglydne. L-decahydro- 
naphdiylglycine,L-piperidylglycine; 

or 

A is a p-anaino-acyl group of general formula 

^ CH-NH2 p = 1 - 6 and the ring may also contain 

(CH^ I one or more heteroatoms replacing CH2umt(s). 

■^CH-CO- 
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Both a and p-amino acyl groups in (a) above may contain unsanirarion in their rings 
e.g. 





H2N CO- 



and also may contain one or more heieroatoms. 

(b) R = CN: teC-Ri or CH=N-R9 

A is as defined in (a) above but in addidon may be derived fiom any L-a-amino acid 
bearing a lipophilic side-chain, eg. De. 

(c) R^CHOorBfOH)o 

A is a P-amino-acyl group as defined in (a) above. The resuldng A-B compounds 
are stable, unlike a-aminoacyl derivatives of the same type which undergo a facile 
intramolecular cyclisarion. In compounds (c) B(OH)2 niay be present as a boronate 



ester eg. 




Me 



Me 



these being labile in water giving the free boronic adds. 
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Group n Compounds 

Where R = H, CN. CsC-R^ or CH^N-Rg. A is an a-amino acid derivative whose 
side-chain canies a functional group which is deiivatised to produce a long chain 
terminating in various groups R3. A may be of the following three types of structure: 

m >- (CH2) -«CO.D ^ 

CO 




CO 

1 



r 



where a = 1-5; D = G-(CH2)b-(R4)q-R3;G = 0,NH.orNMe; 
b = 0-12; q = 0-5; 

D^> = DwithG;tO; 

R4 = Z-NH-(CH2)c- or NH-Z-(CH2)c- where c = 1-12 and Z = CO. CHj or SO^; 



and 



R3 = CO2H or ester [e.g. any lower alkyl, fiuoroalkyl or cycloalkyl (Ci to CgX 
or aromatic or hetcroaromaric (5 or 6-membcred rings,mono- or bicyUc) 
ester] thereof; CONHj; CONHNHj; CONR5R6; CONHNRsRg; PO3H 
(or ester thereof e.g. as defined under CO2H); SO3H; SOaNHf. 
SO2NR5R6; OH; OR5; aryl or heteroaryl (e.g. 5 or 6-membered rings, 
monocycUc or bicycUc) [including subsrimted aryl or heteroaryl with 
substiraents preferably chosen from F, CI, I. Br, OH, OR5, NOj, 
SO3H. SO2NH2, SO2NR5R6. NH2. NKfiR^. CO2R5. CF3. CN. 
CONH2. CONR5R6, NHCO2R5. CHCm5)NR5R«. 

NH-CH(:NR5)NR5R<5 and R5]; NH2; NRsR^; NHCO2R5; NHSO2NR5R6; 
NHCOR5; NH-SO2R5; NH-CH(-J^s)NRsR<5: NHCONR5R6; sugar 
(which may be attached via an ether or a glycosidic bond); 
CO-aminosugar (attached via the -NHj) eg. glucosamine or 
galactosamine; NHCO-aminosugar, orNHCS-aminosugar. 
In the above definition of R3 "sugar" refers to any caibohydiate or 
oligosaccharide, and R5 and R^ arc independently selected from H and 
alkyl. fluoroalkyl and cycloalkyl groups (of up to 8 atoms), aryl, 
heteroaryl and alkylheteroaryl groups (of up to 11 atoms) or R5 and ^ 
together comprise a chain and (C3 to Cg). 
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(ii) 



H2N 




(CH2),NR^E 



or 



H,N 




N-E 



CO 
I 

where =H, Me; die ring may also contain more heieroatoms; 

E = J-(CH2)b-(R4)q-R3; J = CO, CH2 or SO2; and a, b, q, R3 and R4 
as defined vinder© 



(iii) 



Group ni 



H,N 



CO 
I 




or 



OL 




where = H or Me; the ring may also contain one or more heteroatoms; 

L = (CH2)d-[CO],-(CH2)b-(R4VR3or(CH2)e-NR^-(CH2)b-(R4)q-R3; 
r = 0 or 1; d = 0 - 4; e = 2 - 4; and b, q, R3 and R4 
as defined under (i). 



Group m compounds arc defined by the general formula: 

,€ A-B 

'6 A-B 



where o = CHj. O. NH. CO. S. SOj. Ph or NMe and. independenUy. 
€ = CH2,O.NH.CO.S.S02.PhorNMe. 

These compounds are symmetrical dimeis. They may have any B stractuie as defined 
previously. A may be chosen &om any group E structure (CO. di) or (iii)]. but in this case 
the terminal group R3 in each A residue is deleted and replaced with a shared symmetrical 
group [6-oy€] which connects the two halves of the dimer. <b may be absent, in which case 
bodi 6's are joined together to constitute the chain linking the two A-B moieties; 
alternatively both e's may be absent in which case © solely joins the two A-B moieties . 
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The structure of €-Ci>-€ must of course be chemically feasible eg. NH-CO-NH, 
CO-NH-CO-, S02-NMe-S02; it will be obvious to those skilled in the art which structures 
are not feasible, eg. -NH-NH-NH-. A specific possible example is shown in Table 7. 

In such conrpounds as described under Groups 11 and HI certain -CH2- groups present in 
the long chains could be replaced with known bioisosteres eg. -O- without affecting 
inhibitoiy or binding activity towards DP-IV. Also such groupings as 
-CONHCH2CH2NHCO if they occur could be replaced by eg. 



-CO-N . N-CO- 

v_y 

Further, for compounds in Groups I, H and HI any amide bond connecting A and B or any 
amide in the" side-chains of A (in Groups U and HI) may be replaced by known 
bioisosteres of amides eg. 

-CO-N^ replaced by -CO-C^ . CF=C^ ; -CHj-N^ ; 

CH=C^ . -CS-N^ . 
\' \ 

See Table 8 for examples of such replacements. 
Biochemistry 

All compounds were tested in vitro against pure human DP-W (purchased from M & E. 
Copenhagen, Denmark). Inhibition of DP-IV was determined using die fluorescent 
substrate Ala-Pro-AFC dsn 0.8 jiM) at three concentrations for each inhibitor. A typical 
assay (total volume 0.4 ml) comprised sodium Hepes 83.3 mM, EDTA 1.67 mM, BS A 1.5 
mg ml-^ pH 7.8. DP-IV 25 jtU ml-^ inhibitor (in 10 inM acetate pH 4.0). The reaction was 
started by the addition of substrate and readings taken every 30 s for 7 J min. excitation at 
395 nm, emission 450 nm. values were determined using Dixon plots. 
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Chemistry 

152 Examples of compounds synthesised arc shown in Tables 1-8 followed by schemes 
and experimental details for the preparation of different structuial types. All final 
products were characterised by FAB mass spectrometry and purity assessed by reverse 
phase hpic; all interaiediates were characterised by NMR. 

Table 9 shows selected Kj values against DP-IV determined for inhibitors of different 
structural types. 



wo 95/15309 



- 11 - 



PCnGB94/02615 



Table 1 

Examples of Group I (a) 



N— C 



No. 



X R n Formula 



Calculated FAB Mass 
MoLVVL spec. fM-t-HI-' 




CH, H 1 C^HjoNaO 196^ 197^ 




CH, H 1 C,2H22N20 210^ 211.2 




CH, H 1 CioHjoNgO 184.2 



185.2 



H,N 




CH, H 1 C^HjoN-O 208.2 209.2 



5 

cIs 



9v 

NH, O 



CH, H 1 C„H2oN20 196.1 



197.2 
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Calculated FAB Mass 

No A X R n Formula 

MoLWt. soec. rM+Hl-«- 




6 ^ ^ CHj H 1 C^HjoNjO 196.1 197.2 

trans 




tins CH2 H I C^H^NaO 194.1 195.2 

NHj Q 



8 C Y''^ CHo H 1 C,oH,8N20 182.1 183.2 
ttans * ' 



6 




CH, H 1 C^HuNaO 190.1 191.2 



10 I 1 ^ CH2 H 1 C^Hs^NjO 224.2 225.2 

tmns 

O 
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Table 2 

Examples of Group I (b) 



A R 



No. 



X n R' R f=brmula 



Calculated FAB Mass 
Mo1.Wt. spectM+HI^- 



11 



H-He 



CH2 1 H CN C^H^gNgO 209.3 



210.2 



12 H-Lys(Z) CHj 1 H CN C,9H26N403 358.2 



359.2 



13 



14 




CHa 1 H CN CloHisNaO 193.1 



194,1 



CH, 1 H CN CgH^NgOS 211.1 212J2i 



15 



HN- 



CH, 1 H CN C9H13N3OS 211.1 



212.2 



16 



HjN 




CH, 1 H CN C,3H,,N30 235.2 236.3 



17 



HjN 




CH, 1 H CN CtjH^NaO 221.2 222.2 
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Calculated FAB Mass 
Mol.Wt. spec. IM+Hl* 



18 



19 
20 

21 




CH, 1 H CN C^HigNgO 209^ 2102 



1 H CN C„H,7N30S 227.1 228.1 



S 1 CN H C,oH,7N30S 227.1 228.1 



S 1 H CN C^gHjgNgOS 253.1 254.1 



HjN 



22 H-Lys(Z) S 1 H CN C,8H24N403S 3762 



23 




24 



25 



26 



27 



28 



29 



H-lle 

H-lle 

H-lle 

H-Ile 

H-ile 

H-IIe 



S 1 H CN C^HiyNaOS 239.1 



O 1 H CN CjoHuNgOz 211.1 



CH, 2 H CN CijHjiNaO 223.2 



S 2 H CN C„H,9N30S 241.1 



SO, 1 H CN CioHiyNgOaS 259.1 



S*"««0" 1 H CN CtoHtTNaO^S 243.1 
S*-«0~ 1 H CN CwH^yNaOjS 243.1 



3772 



240.2 



2122 
2242 
24Z1 
260.1 
244.1 
2442 
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Calculated FAB Mass 

M„ A X n R Formula 

Mol.Wt. speclM+Hl-^ 




30 1 H CN CijHisNaO 221^ 2222 

NH, O 




wo 95/15309 



16 



No. 



n R' R Formula 
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Calculated FAB Mass 
MoL Wl. spec. IM-t-Hl 



36 



37 



NHj O 

Or 

NH, O 



CH, 1 



H CN C,2H,9N30 221^ 



2P2.2 



CH, 



1 H CN C^zH^NgO 219.1 



220.1 
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Table 3 

Examples of Group I (c) 

A R 



Calculated FAB Mass 

Mo A X R n Formula 




NHj O 



P, 



38 '""(f^ CHj CHO 1 CjzHjoNPz 2245 225.2 



^. V,/ CHj CHO 1 C„H,8N202 210.2 211.2 

39 HjN tf 



2 

o 




40 V- CH; CHO 1 C„H,eN202 210.2 211.2 

O 



A 



41 -.^V 



H-N 

O 




42 \^'"/||/ ^"2 
NHj O 



CH, B- 1 C20H33BN2O3 360.3 361.3 



CH, B- 1 C-iHasBNaOg 374.3 375.1 



CH, B- 1 Cz^HasBNjOa 374J 37S.1 



43 Y 11 ^ 

i5Hj o 

O^NH, 
"vj/ CH2 B- 1 C2,H33BN203 372.3 373.3 



44 



wo 95/15309 



PCT/GB94/02«15 



18 



No. 



X R n Formula 



Calculated FAB Mass 
Mol. Wt. spec. fM+m-*- 



45 




CHo B* 1 CziHgaBNjOa 372.3 



373.3 
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Table 4 

Examples of Group II (i) 



Q 



Calculated FAB Mtss 

M« n Q X m R Formula 

" ^ MolWt. spec. fM+Hl-*- 

46 1 ^ONHCHaCOaBn CH2 1 H C„H^UJD^ 333.2 334.2 

47 1 -CONHCHjCOjH CHj 1 H CioHuNaO^ 243.1 2442 

48 1 -CONH(CH2)3C02H CH2 1 H C,2H2,N304 271.2 272.2 

49 1 -CONH(CH2)2C02Bn CH^ 1 H C,aH25N304 347.2 348.2 

50 1 -CONH(CH2)2C02H CH2 1 H C„H„N304 257.1 258.2^ 

51 1 -CONH(CH2)5C02Bn CH2 1 H .C2,H3,N304 389.3 . 390.3 

52 1 -CONH(CH2)5C02H CH2 1 H C„H25N304 299.2 

53 1 -CONH(CH2)3C02Bn CHj 1 H C,9H27N304 361.2 

54 2 .C0NHCH2C02Bn CHj 1 H C^HzsNgO* 347.2 

55 2 -CONHCH2CO2H CH2 1 H C„H«N304 257.1 258.1 

56 2 -CONH(CH2)2C02Bn CHj 1 H C„H27N304 361.2 

57 2 -CONH(CH2)3C02Bh CHg 1 H C20H29N3O4 375.2 

58 2 -CONH(CH2)3C02H CH2 1 H C«H23N304 . 285.2 28Gi 



300.2 
362.2 
348.2 



362.3 
376.3 
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No. n 



X m R Formula 



Calculated FAB Mass 
Mol. Wt. spec. fM+H]-*- 



59 2 •CONH(CH2)5C02Bn CHj 1 H C22H33N3O4 403.3 404.3 

60 2 -CONH(CH2)sC02H CHj 1 H C,sH27N304 313.2 314.2 

61 2 -CONH{CH2)2C02H CHj 1 H C,2H2,N304 271.2 27Z2 



62 2 -CONH(CH2)7C02Bn CH2 1 H C24H37N3O4 4315 

63 2 -CONH(CH2)7C02H CHj 1 H C,7H3,N304 341.3 

64 2 -CpNH(CH2)7CONH- CHj 1 H CjaHigNgOg 531.3 

(CH2)3NHZ 

65 2 -CONH(CH2)6CONH- CHj 1 H C29H46N4O5 530.4 

(CH2)5C02Bn 

66 2 -CONH(CH2)6CONH- CH2 1 H C22H40N4O5 440.3 

(CH2)5C02H 

67 2 -CONH{CH2)7CONH- CHj 1 H CjoHagNjOa 397.3 

(CH2)3NH2 

68 2 -C0NH(CH2)iiCO2Bn CH2 1 H C2aH45N304 487.3 

69 2 -C0NH{CH2)„C02H CHj 1 H C2,H39N304 397.3 

70 2 -CONH(CH2)6C02Bn CH2 1 H C23H35N3O4 417.3 

71 2 -CONH(CH2)6C02H CH2 ^ " Ci6H2gN304 327.2 

72 2 -CONH(CH2)5CONH- CHj 1 H C„H2gF3N403 394.2 

CH2CF3 



432.4 
342.5 
532.3 

5312 

441.3 

398.3 

488.4 
398.3 
418.3 
328.2 
395.3 
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Calculated FAB Mass 

Mn n Q X m R Formula 

" ]^ Mol. Wt spec. [M->-H1+ 

73 2 -CONH{CH2)5CONH- CH2 1 H C^sHsa^-^A^s 494.2 495.2 

CHaTOaCFa 

74 2 -CONH(CH2)5CONH- CHj 1 H C21H40N4O4 412.3 413.2 

(CH2)60H 

75 2 .CONH(CH2)5CONH- CHj 1 H C24H38N4O3 430.3 431.2 ^ 

76 2 -CONH(CH2)5CONH- CH2 1 H C25H40N4O3 444.3 445.2 

. (CH2)4Ph 

77 2 -CONH{CH2)sCON. CHj 1 H C23H44N4O3 424.3 425.3 

{"Bu)2 

78 2 -C0NH(CH2)sC0N- CHj 1 H C27H52N403 480.4 481.4 

("Hx)2 



79 2 -C0NH{CH2)sC0NH- CHj 1 H C22H34N4O3 402.3 

CHjPh 

80 2 -CONH(CH2)4C028n CHj 1 H C2,H3,N304 389.2 

81 2 -CONH(CH2)4C02H CHj 1 H C,4H25N304 299.2 

82 2 -CONH(CH2)5CONH- CH2 1 H C,7H32N403 340.3 

CH2CH3 



403.4 

390.3 
300.3 
341.3 



300.3 
381.4 



83 2 -CONH(CH2)60H CH2 1 H C„H29N303 299.2 

84 2 -CONH(CH2)5CO-1-Pip CH2 1 H C20H36N4O3 380.3 

85 2 -CONH(CH2)5CONH2 CH2 1 H C^X^lifi^ 312.2 313.3 
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Calculated FAB Mass 

„ Q X m R Formula 
No- " ^ Mol.Wt. specfM+H^^ 

86 2 -CONH(CH2)5CONH- CHj 1 H C25H43N4O3 452.4 4535 
(CH2)9CH3 

^ 2 -CONH(CH2)5CONH- cHj 1 H C22H42N4O3 410.3 411.4- 

(CH2)6CH3 

88 2 -CONH(CH2)5CONH- CHj 1 H C22H«N403 408.3 409.4 

CHjCh 

89 2 -CONH(CH2)5CONH- CH2 1 H CjeH^^NgOs 503.3 504.4 

(CHgjaNHZ 

90 2 .CONH(CH2)5CONH- CH2 1 H CjaHasNsOg 369.3 370.3 

(CH2)3NH2 

91 2 -CONH(CH2)5CONH- CHj 1 H C,gH37N703 411.3 . 

(CH2)3-Gua 

92 2 -CONH(CH2)5CONH- CHj 1 H CaiHaaN^OgS 468.2 

Ph(4-S03H) 

93 2 -CONH(CH2)5CONH-4- CHj 1 H Cz;H43N503 485.3 

Pip(l-Bn) 

94 2 -C0NH(CH2)sC0NH- CH2 1 H Cso^sfUp^ 395.3 

4-Pip 

95 2 -CONH(CH2)4N(Z)- CH2 1 H C32H45N5O6 595.3 596.3 

(CH2)3NHZ 



412.4 



469.2 



486.3 



396.3 



96 2 -CONH(CH2)4NH- CHj 1 H C^s^NsOz 327.2 
(CH2)3NH2 



3282 
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Calculated^ FAB Mass 



No. n 



X m R 



Formula 



Mol.Wt. spec. fM-i-Hl-«- 



97 2 ^ONHCCHzlsCOjBn CHj 1 CN C23H32N404 

98 3 -CONH{CH2)6CONH- CH^ 1 H C3oH48N405 

(CH2)5p02Bn 

99 3 -CONH{CH2)6CONH- CHj 1 H CjsH^aNPs 

(CHzlgCOjH 

100 3 -C0NH(CH2)5C02Bn CHj 1 H C23H35N3O4 

101 3 -CONHCCHjjsCOjH CHj 1 H C^eHjgNaO^ 

102 2 -S02NH(CH2)5C02H CHj 1 H C^Hj^NaOgS 

103 2 -CONH(CH2)8NH-G- CHj 1 H C24H45NSO7S 



428.3 429.3 

544.4 545.2 

454J 455.3 

417.3 418.2 

327.2 328.2 

349.2 350.2 

547.4 548.5 



OH 




X 
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Table 5 

Examples of Group II (") 



Calculated FAB Mass 
No. n Q X m R Formula specfM^Hl^ 



104 1 -COWeCOjH CH, 1 H C^H^^NaO, 313.2 

105 1 -CO(CH2)eC02Bn CH, 1 H C^»^ti^O, 403.3 

106 3 -C0(CH2),C0aH CH3 1 H C,,U,yt^,0, 313.2 

107 3 -CO(CH2)4C02Me CHj 1 H C,6H29N304 3275 

108 4 -C0(CH,),NH2 CH^ 1 H C,,n^li,Oz 312.3 

109 4 -CO(CH2]3NH2 ^H^ 1 H C^H^eN^O^ 284.2 

110 4 -C0{CH2)3NHSO2Pfp CH^ 1 H CaoH^FsN^O.S 514.2 

111 4 -CO(CH2)3NHCOPfp CHj 1 H CgtHz^FgN^Oa 478.2 

112 4 -CO(CH2)3NHS02- CH^ 1 H C^HaFaNp^S 430.2 

CH2CF3 

113 4 -C0(CH2)„NHC0- CH^ 1 H C^^,Os GS7£ 

114 4 -CO{CH2)„NH- CHa 1 H C^H^NsOa 523.4 

CO(CH2)6NH2 



314.3 

404.3 

314.3 

328.3 

313.3 

285.2 

515.2 

479.2 

431.3 

658.6 

524.4 
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X m R 



FormuJa 
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Calculated FAB Mass 
Mol. Wt. spec. [M+HI^- 



115 4 -CO(CH2)sNHCO- CH2 1 

(CH2)5NHCO(CH2)s. 
NHZ 

116 4 -C0{CH2)sNHC0- CHj 1 

{CH2)5NHCO(CH2)s- 



H CaeHgoNgOe 672.5 



H C29H54N6O4 538.4 



117 4 -C0{CH2)3C02H CH2 1 H C,5H27N304 



118 



4 -COCCHalaCOjBn CHj 1 H 



119 4 -CO(CH2)6NH2 CH2 1 H 



120 



121 



122 



4 . -CO(CH2)7NH2 CH2 1 H 
4 -CO(CH2),6Me CH2 1 H 
4 -CO(CH2)6-Gua ^"2 " 



123 4 -S02{CH2)7CH3 



CH, 1 H 



124 4 -CO(CH2)iiNH2 CHg 1 H 

125 4 -COCH2NHZ CHa 1 H 

126 4 ^0(CH2)2NHZ CHj 1 H 

127 4 .CO(CH2)3NHZ CH2 1 H 

128 4 -C0(CH2)2NH2 ^2 " 



C22H33N3O4 

C,8H36N402 

C28H55N302 

C22H44N4O2 
C20H31N4O4 
C21HKN4O4 
C22H34N4O4 

C,2H24N402 



313.2 

403.3 

326.3 

340.3 

465.4 

368.3 

375.3 

396.4 

3902 

404.2 

418.3 

256.2 



673.6 



539.4 



314.3 

404.3 

327.3 

34l!3 

466.4 

369.3 

376.3 

397.4 

391.3 

405.3 

419.3 

257.2 
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No. n 



26 



X m R 



Formula 



Calculated FAB Mass 
Mol. Wt. spec. fM+H]^' 



129 4 -C0(CH2)sNHZ CHg 1 H C24H3aN404 446.3 447.4 

130 4 -COCHj-Gua CHg 1 H C^aHseNgOj 293.2 ^9.3 

131 4 -CO{CH2)2NH2 CH2 1 H C,3H2sN402 270.2 271.3 

132 4 -CO{CH2)2-«3ua CHj 1 H C14H26N6O2 312.2 313,3 

133 4 -CO(CH2)3-Gua CHj 1 H O^s^K^i 326.3 327.3 

134 4 -Cb(CH2)5-Gua CHj 1 H CiyHa^NgOj 354.3 355.3 

135 4 -CO{CH2)6NH2 CHj 1 CN C,8H33N502 351.3 352.4 



136 4 -CO(CH2)7NH2 CH2 1 CN CtgHasNgOj 365.3 



366.3 
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Table 6 

Examples of Group 11 (i») 

O 




Calculated FAB Mass 

Ql X n Y Formula 
No. R " ^ Mol.Wt. spec. rM+H1-»- 



137 H -OCH2CONH(CH2)5- CH^ 1 H C^H^^NaOj 329.2 

CO2H 

138 H , -OCH2CONH(CH2)5- CH^ 1 H CaHaaNjOs 419.3 

COjBn 

139 H -OCH2CONH{CH2)4- CHj 1 H Cj.Hg.NsOs 405.2 

C02Bn 

140 H -OCH2CONH(CH2)4- CHj 1 H C.^^O^ 315.2 

COgH 



144 CH3 -OCH2CONHCCH2)s- CHj I H ^^^^s 

COjBn 

145 CH3 -OCH2CONH(CH2)s- ^^ ^ " C^HaNgOs 343.2 

CO2H 



330.3 



420.3 



406.3 



316.3 



141 CH3 •OCH3 CH2 1 H C,H,,N202 186.1 187.2 

142 CH3 -OC2HS CH2 1 H C,oH2oN202 200.1 201.2 

143 CH3 -OTOsCHa CH2 1 H C„H:bN202 255.2 257.3 



434.3 



344.3 
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X n Y Formula 



PCT/GB94/026i5" 



Calculated FAB Mass 
Mol, WL spec. IM^H]^ 



146 CH3 -OCH2CONH(CH2)4. CHj 1 H C22H33N3O5 419.2 420,3 
COjBn 



147 CH3 .OCH2CONH(CH2)4- CHj 1 H C^s^zr^z^s 3^9.2 330,3 
CO2H 
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Table 7 

Example of Group HI 

Calculated FAB Mass 

No Structure Formula 

Mol. WL spec. FM+Hr 



O^NH(CH,),/JH^O 
148 ! O f O ^3ZH54N804 614.4 615.4 
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Spedfic examples of compounds A-B. containing amide bond bioisosteres. 

Calculated FAB Mass 



No. 



A-B 



Fomiula 



Mol.Wt. spec.fM^^H^^^ 



149 



150 



151 



152 





C„H2,N 157.2 168.2 



C12H20N2 ^92.2 193.2 



C„H2oN2 192.2 193.2 



CioHsoNjS 200.1 201.2 



V 



Table 9 

Selected Kj values against DP-IV. 



- 31 - 



No. K, (M) 



2 


6,4x10"^ 


7 


7.6xiq-« 


11 


2^x10-^ 


20 


1.7x10-9 


23 


5.0 X 10-^° 


35 


3.7x10-3 


3a 


9.8 X 10"^ 


44 


2.0x10-3 


59 


1.5x10-' 


66 


1.8x10-' 


97 


5.0x10-^° 


110 


2.5 X 10-^ 


136 


1.7x10-3 


143 


9.4 X 10-" 


150 


1.7x10-^ 
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Schematic 



p>P^..nt.tinns f c- ^-"""'i Prrnaratinn of all Classes of Compounds 



Table 1 



Compounds can be made by an adaption of the general route described by E. SchSn et al. 
Biol. Chem. Hoppe-Seyler. 1991. 372, 305-31 1. 



Table 2 
(a) R: -CN 



Boc-A-OH. + HN 

O 

POCI3 C 

*" Boc-A-N — 



pyridine, 
imidazole 



"CN 
X = S mCPBA 

Boc-A-N— 1^^^ 



PyBop 



CH2CI2 
EtjN 



Boc-A-] 



N 



■^^ >■ H-A-N 



CN 



H+ 



(0)y 

H-A-N— ' 



CN y=i.2 



vvu V3/isJuy 



- 33 - 



(b) R: -C3I=NPh 



( Or 



Boc-A-ONSu + HN 



CH2CI2 ^ ^„ 
^ ► Boc-A-N ^OH 



DMP 



CH2CI2 



Boc-A-N ^ 



(D 




H 



Toluene, A 



'=NPh 



>- H-A-N 



:NPh 



(c) R: CH=K 

RiONHa-HCl 



(D 



pyridine, DMF 
ForR^ = -Ac 



Boc-A-N • 



^N-OR 



j-Hi^ H-A-N 



«^N-OR^ 



(ID 



(R^=H) 

(d) R= -C^CR 
PhaP, CBr4 



CO 



BocAN-J^L Br OV^^ H-A-N-^c_j, 

^ Boc-A-N / /;n"o+« >=C-R 



Table 3 



(a) R= -B, 




Prepared by method of: W.W. BachovcWh et aL. 
/. Biol. Chem., 1590. 265. 3738-3743, 



(b) R = CHO Q) 



H-A-N- 



'CHO 
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Table 4 (W. P = Protecting groups: P^ P^ = Groups as described in corresponding tables) 



(a) R=CN 



Boc-N^^rt^ 
H U 



II X J>—Of 

OH I . Boc-g-V" 



NH, 



PyBop, CHiQa. EtjN 



/-NH(CH2)J>^ (i) H,N(CH2)^P^ 

f^^^ ' Cu)tnodify P\-»p2 



Boc-N 
H 




N 




if required Boc 



0) remove P 
(ii)HONSu.WSCD 



O 

|1— ONSu 

1 ir""\'"' 



P0CI3 

pyridine, imidazole 



O 



1L_NH(CH2)J> 

On 

Boc-N '''^^^ipN 




(HI) 



)L_NH(CH2i„P^ 
On X. 



H- 



H 



CN 



CN 



SO2CI 
Oi .X 



SOjNHCCHj)^?^ 
On .X. 



(b) Boc 



1 ® H,N(CH2)„,P^^ X ^ ^ 

t JT^^R Ci)modifyPi-P^ ^ 
n r\ ifrcquired ^ 



O 

complete synthesis as above 
(IV) was prepared via method of G. Luisi ct aL, Teu Lett., 1993. 34, 2391-2392. 
(c) For R = H. modify above procedure as described for Table 1 examples. 
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Table 5 

(a) R = CN 



.NHW 



H 1! 



r 



HN 



OH 



O 



NH, 



NHW 



PyBop,CH2a2,Et3N 



Boc-N 
H 




N 




(i) Remove W 



Oi) A 



f p(CH2)„so2a ^ 

for sulphonamidc J 



NHCOCCHj)^ 
()n X 

^ o 



(i) modify P — pl 
if required 

(ii) POQa, pyridine, 
imidazole 



NHC0(CH2)J'» 

()n X 



Boc-N "'^ij— iT -— 1^ 
H ii 



CN 



H+ 



^NHCO(CH2)„Jpi 

(X. ^X 

•I ^CN 



(b) R = H, modify above procedure as described for Table I examples. 
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Table 6 



Use method described for Table 5 examples for prcpaiadon of (VI) from (V) 



(a) 



OW 



Boc-N 
H 




OH 



(V) 



R OH 



Boc-N 
H 




N 



O 
(VI) 



(i) NaH 
Cii) R*-Br 
Cui)H+ 



OR* 




N 



Y=H,CN,-C=NPh, 
-C=NOR^ -CsCS? 



(b) (VI) 



CO NaH 



(u) Br-^Y 
O 



OCHa 




(i) IiOH,H20,dioxan 
(u) H2N(CH2),^.PyBop 
Ciii)H+ 



NH(CH2X„P 



H- 
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Table? 



Standard coupling, dehydration and deprotecrion sequence similar to above schemes. 

O 

]L_oNSu 
On X. 



H r\ Tl 



m 



BOC; 



0.5 molar equivalent 
H2N(CH2)„NH2 



O 

o n 

NH(CH2)„.NH'^( )„ 
V" BocNH^^^^N 




NH, 



(i) POCI3, pyridine 

(ii) H+ 



H 



O 

O U 
J\— NH(CH2)„jra On 

O ^CN 




CN 
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Table 8 

" 0 NH-Boc NH, 

° NH-Boc 



(ii) Sml2, 

"^"^^ Ah-Boc NH. 

Thioamides were prepared by the method described by K. Clausen et ^J^-^^^^ 
1981 37 3635-3639. Other amide bioisosteres car. be prepared firom Uteratuic precedent 
Jli' Sp^Lla in "Chemistry ar,d Biochemisoy of Amino Acids. Peptides and Protems". 
Vol. m, B. Weinstein Ed.. Marcel Dekker. New York, 1983. p. 267). 
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Experimental Details for Specific Examples 
EXAMPLE 1 

2-(S)-Cyano-l-isoIcucylpyiTolidinc (11) 




Di-isopropylethylamine was added to a solution of H-ProNHj. HCl (225 mg. 1^0 mmol) « 
in dry CH2CI2 (15 cra^) until the pH was adjusted to 9. BocIlcONSu was added in one 
portion and the mixture stirred for 16 h, under a nitrogen atmosphere. The solvent was 
evaporated and the residue treated in the standard way, i.e. the residue was partitioned 
between ethyl acetate (60 cm^) and 0.3 N KHSO4 solution (10 cm^). The organic layer 
was further washed with saturated NaCH03 solution (10 cm^), water (10 cm^) and brine (5 
cm^). The solution was dried (Na2S04) and evaporated at reduced pressure. The crude 
product was passed down a short plug of silica gel, eluting with hexanc:ethyl acetate, 
(10:90 to 0:100) to yield 301 mg (92%) of BocneProNH2 as a colourless foam. 

*H NMR aCOa^l 5 (ppm); 6.90 (IH, br.s); 5.51 (IH, br.s); 5J8 (IH. d, J = 9,6 Hz); 
4.62 (IH, dd, J = 2.6, 7.0 Hz); 4.29 (IH, dd, J = 8.4, 9.2 Hz); 3.79 - 3.58 (2H, m); 2.36 
(IH, m); 2.09 - 1.57 (5H. m); L43 (9H, s); 1.17 (IH, m); 0.95 (3H, d, J = 6.6 Hz); 
0.90 (3H,t,J = 7.3 Hz). 

Imidazole (84 mg, 1.24 mmol) was added to a solution of BocIleProNH2 in dry pyridine 
(10 cm^), under a nitrogen atmosphere. The solution was cooled to -35''C before the 
dropwise addition of POCI3 (0.25 cm^, 2.48 mmol). The reaction was stirred at -30*'C to 
-20*'C for 60 min. The solution was then evaporated and the crude residue subjected to 
column chromatography (silica gel) to yield 180 mg (94%) of 
2-(S)-cyano-l-[N-(t-butoxycarbonyl) isoleucyl]pyrrolidinc as a colourless oiL 

^H NMR (CDQa), 5 (ppm); 5.14 (IH. d, J = 9.2 Hz); 4.80 (IH, dd, J = 2.6, 7.1 Hz); 
4.22 (IH, dd, J = 7.9, 9.1 Hz); 3.81 (IH, m). 3.71 (IH, m). 230 - 2.12 (4H, m); 1.75 
(IH, m); 1.60 (IH, m); 1.42 (9H, s); 1A9 (IH, m); 0.97 (3H, d, J = 6.9 Hz); 0.91 (3H. 
t.J = 7.3Hz). 

^^C NMR (CDQa), 5 (ppm); 171.7, 155,6, 118.0. 79.6, 56.0, 46.5, 46.0, 37.8, 29.6. 
28.1,25.0,24.2,15.2.10.9. 
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Deprotection was carried out by stining with trifluoroacetic acid for 60 min. Evaporation 
and lyophilisation from water afforded 60 mg of 2-(S)-cyano-l-isoleucylpyirolidine (11) 
as a white, fluffy solid. 

FAB Mass Spec: Calculated 209.3, Found (M+H)* = 210.2. 

NMR (D2O). 5 (ppm): 4.3 (IH. m); 3.64 (IH. d, J = 5.6 Hz); 3.16 (2H. m); 1.86 - 

I. 48 (5H, m); 0.98 (IH, m); 0.68 (IH. m); 0.51 (3H, d, J = 6.9 Hz); 0.38 (3H. t, J =7.3 
Hz). 

i^NMR (D2O). 5 (ppm); 169.7, 119.7, 57.3. 48.6. 48.1. 36.9, 30.2, 25.8, 24.5, 15.4, 

II. 5. 



EXAMPLE TWO 

. H-Glu[NH(CH2)7CONH(CH2)3NHZlpyTrolidide (64) 




O 



Di-isopropylethylamine was added to a solution of BocGlu(OH)pyiroIidide (193 mg, 0.64 
mmol) and PyBop (500 mg. 0.96 mmol) in CHjCIa (6 cm?) to adjust the pH of the mixture 
to 9. After stiiring for 5 min. a solution of benzyl 8-amino-octanoate (220 mg, 0.77 
mmol) in 01202 (5 cm') was added. The mixture was stirred at room temp for 16 h. The 
reaction was worked up in the standard procedure as described in example one. The crude 
residue was subjected to column chromatography (1% to 3% medianol in ctiiyl acetate) to 
obtain 344 mg (99%) of BocGlu[NH(CH2)7C02Bn]pyiiDUdide as a colourless soUd. 

^H NMR {CDCL3). 5 (ppm); 7.35 (5H, s); 6.63 (IH, br.t. J = 6.7 Hz); 5.65 (IH, d. J = 
8.3 Hz); 5.1 1 (2H, s); 436 (IH, dt, J = 2.6. 8.9 Hz); 3 J5 - 3.20 (6H, m); 2.34 (2H, t, J 
= 7.3 Hz); 2.26 (2H, dd, J = 5.6, 7.3 Hz); 2.11 - 1.48 (lOH, m); 1.43 (9H. s); 1^2 - 
1.27 (6H,m). 
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Hydrogen gas was bubbled through a solution of BocGlu[NH(CH2)7C02Bn]pyiToKdide 
(230 mg. 0.43 mmol) in ethyl acetate (10 cm^), containing 10% paUadium on charcoal (50 
mg). After 90 min. the reaction vessel was flushed with nitrogen, the solution filtered 
through a pad of ceUte and the solvent evaporated to yield 187 mg (98%) of 
BocGlu[NH(CH2)7C02H]pyiTolidide as a colourless oO. 

Di-isopropylcthylamine was added to a solution of BocGlutNH(CH2)7C02H]pyirolidide 
(125 mg. 0.28 mmol) and PyBop (221 mg. 0,43 mmol) in CHjCIj (10 cm^) to adjust the 
pH of the solution to 9. After stirring for 5 min, a solution of ZNH(CH2)3NH2. HQ (90 
mg, 0.37 mmol) and di-isopropylethylamine (38 mg, 0.37 mmol) was added in one 
portion. The solution was stirred for 18 h then treated in the standard procedure as 
described for example one. The crude residue was subjected to column chromatography 
(2% to 15% metiianol in ediyl acetate) to afford 151 mg (85%) of 
BocGIu[NH(CH2)7CONH(ai2)3NHZ]pyiToIidide as a colourless oil. 

NMR (CDCI3). 5 (ppm): 7.35 (5H. s); 6.60 (IH. br.t. J = 7.2 Hz); 6.14 (IH. br t. J 
= 7.2 Hz); 5.63 (IH. d. J = 8.3 Hz); 5.39 (IH. br.t. J = 5.6 Hz); 5.10 (2H. s); 4.38 (IH 
dt, J = 2.3, 9.2 Hz): 3.52 - 3.13 (lOH. m); 2.26 (2H, t. J = 6.9 Hz); 2.17 (2H, t. J = 7 6 
Hz); 1.98 - 1.48 (12H. m); 1.44 (9H. s); 138 - 1.23 (6H. m). 

A solution of BocGIu[NH(CH2)7CONH(CH2)3NHZ]pynxjlldide (14 mg. 0.022 mmol) in 
4N HCl/dioxan was stirred for 45 min. The solvent was evaporated and the residue 
dissolved in water, filtered and lyophilised to yield 13 mg of 
H-Glu[h[H(CH2)7CONH(CH2)3NHZ]pyrTolidide (64) as a colourless oil. 

FAB Mass Spec: Calculated 53 1.3. Found (M+H)+ = 532.3. 
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EXAMPLE THREE 

H-Lys[CO(CH2)3NHS02Pfp]pyrrolididc (110) 



NHCO-^^^ NHS 





ZNH(CH2)3C02NSu (570 mg. 1.7 mmol) was added in one portion to a solution of 
l.[N-(t-butoxycarbonyl)lysyl]pyrrolidine (745 mg. 2.2 mmol) in dry CHjCIj. The pH was 
adjusted to 9 with di-isopropylethylamine and the mixture stiired for 60 min. Hie solvent 
was evaporated and the residue treated in the standard procedure as described for example 
one. Column chromatography (100% ediyl acetate to 15% methanol in ethyl acetate) 
afforded 620 mg (68%) of BocLys[CO(CH2)3NHZ]pynoUdide. 

iH NMR (CDCI3). 8 (ppm); 7.42 (5H. s); 6.31 (IH. br.t, J = 6.5 Hz); 5.58 (IH. d, J = 
8.9 Hz): 5.39 (IH. br.t. J = 6.9 Hz); 5.17 (2H. s); 4.44 (IH. m); 3.72 - 3.20 (8H. m): 
2.29 (2H. t, J = 7.3 Hz); 2.14 - 1.83 (8H. m); 1.78 - 1.41 (4H. m); 1.43 (9H. s). 

Hydrogen gas was bubbled through a mixture of BocLys[CO(CH2)3NHZ]pyiiolididc (620 
mg 1 16 mmol) and 10% palladium on charcoal in methanol (10 cm^) containing one 
molecular equivalent of 2N HCL After 60 min. the reaction was flushed widi nitrogen, 
and fUtered through celite. Evaporation of the solvent affoided 282 mg (49%)of 
BocLysCCO(CH2)3NH2. HCl]pynoUdide. TTiis product was dissolved in CHiQi (10 cn^) 
and stirred, under a nitrogen amiosphere. Di-isopropylethylamine was added to adjust Ac 
pH to 9 before the introduction of pentafluorobenzenesulfonyl chloride (45 mg. 0.17 
mmol) This mixture was stirred for 16 h. TTie solvent was evaporated and the crude 
material treated in the standard procedure described in example one. Column 
chromatography (100% ethyl acetate to 10% methanol in ethyl aceUte) affoided 33 mg 
(31%)ofBocLys[CO(CH2)3NHS02Pfip]pyiTolidideasacolourlessoil. 
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»H NMR (CDCI3). 5 (ppm); 7.19 (IH. br.t, J = 6.3 Hz); 6.18 (IH, br.t. J = 6.6 Hz); 
5.50 (IH. d. J = 8.4 Hz); 4.38 (IH. m); 3.65 - 3.16 (8H, m); 2.36 (2H. t, J = 6.8 Hz); 
2.01 - 1.82 (8H, m); 1.69 - 1.41 (4H, m); 1.43 (9H. s). 

This produa was sdned in trifluoroacedc acid (10 cm^) for 30 min. The solvent was 
evaporated and the residue dissolved in water, filtered and lyophilised to yield 30 mg -of 
H-Lys[CO(CH2)3NHS02Pfp]Prl (110) as a colourless oU. 

FAB Mass Spec: Calculated 514.2; Found (M+H)+ = 5 15i 
EXAMPLE FOUR 

H-Thr[(CH2)5CH3]pyiroUdide (143) 



Pyrrolidine (0.88 g, 12.4 mmol) was added to a solution of BocThrONSu (3.0 g, 9.5 
mmol) in dry CH2CI2 (30 cm^), under a nitrogen atmosphere. The reaction was stirred for 
60 min at room temperature. The solvent was evaporated and the residue was treated in 
the standard procedure as described for example one. The residue was subjected to 
column chromatography (hexanerethyl acetate, 30:70) to afford 2.50 g (96%) of 
l-lN-(t-butoxycarbonyl)threonyl]pyiToIidine as a colourless oil. 



NMR (CDOj), 8 (ppm); 5.52 (IH. d, J = 63 Hz); 4.30 (IH. d.. J = 7.4 Hz); 4.16 
(2H. m); 3.72 (IH. m); 3.46 (3H, m); 1.98 - 1.82 (4H. m); 1.43 (9H. s); 1.19 (3H, d, J 
= 7.1 Hz). 
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Sodium hydride (17 mg, 0,70 mmol) was added to a soludon of l-[N-(l-butoxycarbonyl) 
thrconyllpyrrolidine in dry THF, at O^^C under a nitrogen atmosphere. The mixture was 
stirred at 0°C for 15 min before the introduction of n-hcxyl iodide (200 mg, 0.94 mmol). 
The reaction was then allowed to stir at room temperature for 16 h. The solvent was 
evaporated and the residue treated in the standard manner as described in example one. 
The crude product was subjected to column chromatography (hexane:ethyl acetate, 40:60) 
to afford 25 mg (10%) of BocThr[(CH2)5CH3]pyrToKdidc (143). 

NMR (CDQa). 5 (ppm); 5.50 (IH, d, J = 6.9 Hz); 4.48 (IH, m); 3.70 - 3.32 (7H, 
m); L92 - 1.80 (6H, m); L52 (2H, m); 1.42 (9H. s); 1.30 (6H. m); 1J2 (8H. d, J = 6.9 
Hz); 0,83(3H,t,J = 7.9Hz). 

BocThr[(CH2)5CH3]pyn:oUdide (20 mg, 0.06 mmol) was stirred in 4N HCl/dioxan (5 cm^) 
for 60 pun. The solvent was evaporated, the residue taken up in water, filtered and 
lyophilised to yield H-Thr[(CH2)5CH3]pyTrolidide (20 mg) as an orange oil. The product 
was purified by reverse phase HPLC to afford 15 mg of (143) as a colourless oil. 

FAB Mass Spec: Calculated 256.2, Found (M+H)**" = 257.3. 
EXAMPLE FIVE 

H-Ile-v[CH=CHlPynoUdide (149) 




NH2 



1.6 N "Butyl lithium (0.50 cm^, 0.76 raraol) was added to a stirred soludon of cyclopentyl 
triphenyphosphonium bromide (287 mg. 0.69 mmol) in dry THF (6 cm^). under a nitrogen 
atmosphere, maintaining the temperature at -SO^C. After sriiring for 60 min. the soludon 
was further cooled to -50**C subsequent to the dropwise addition of a solution of 
N-(t-butoxycarbonyl)-L-isoleucinal (125 mg, 0J8 mmol. prepared by the method of 
Fehrentz and Castro. Synthesis, 1983. 676), in dry THF (4 cm^). After the final addition, 
the reaction was allowed to slowly attain room temperature, over 3.5 h. 
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The reactioa was quenched with saturated ammonium chloride solution (2 cm^). Hus was 
dUuted with water (10 cm') and extracted with diethyl ether C3 x 20 cm^). The combined 
ethereal layers were washed with water (10 cm'), dried (NajS04) and evaporated to yield 
187 mg (>10G%) of crude product Column chromatography (90:10. hexane^tjO) 
afforded 53 mg (34%) of Boc-ne-YlCH=CH]pyiTolidide as a colourless oil. 

IH NMR (CDCI3). 5 (ppm); 0.84 (3H. t. J = 6.9 Hz); 0.91 (3H, d. J = 7.3 Hz); 1.08 
(IH. m); 1.44 (9H. s); 1.48 (la m); 1.64 (5H. m); 2.24 - 2.45 (4H. m); 4.08 (IH. 
br.s);4.41(lH,br.s);5.12(lH.dt.J = 2.3.8.9Hz). ' ^„ „ 

«c NMR(CDa3) 5 (ppm); 155.8, 147.4. 119.1. 79.2. 54.8. 40.1. 34.2. 29.6. 28.9. 
26.8,26.6,26.1,15.0.12.1. 

Treatment of this product with 4N HCl/dioxan for 35 min removed the Boc-protecting 
group • The reaction was evaporated, the residue dissolved in water, filtered and 
lyophilised to yield 24 mg (63%) of H-Ile-Y[CH=CH]pyrrolidide (149) as a foamy solid. 

FAB Mass Spec: Calculated 167.2, Found (M+H)* =1680. 

EXAMPLES SIX AND SEVEN 

H-Ile[(2R)-cyano-Hf(CH=CH)pyrrolididc] (150) 
H-Ile[(2S)-cyano-v(CH=CH)pyiTolidide) (151) 





CN 



N-ft-ButoxycaibonyD-L-isoleudnal (2.40 g, 11.2 uunol) and 2<,xy-l-triphenyl. 
n V uuroxycaiou ~arcd by metfiod of H.O. House and H. 

phosphoranecyclopentane (4.61 g, 13.4 mmol, preparca oy me 

Bab^ / Or,. Chem. 1963. 28. 90) were heated, at reflux, in toluene, under a mtx^gen 
Babed. J. ^'^-"f^^ thl^ture was cooled, and the solvent evaporated. Column 
atmosphere. After 15 h. the mixture was cou cu, ,^^.^1 7 33 e f74%) 

chrooLography (80:20. hexane.ethyl acetate) of the crude residue afforded 2.33 g a4%) 
of Bocne-v[CH=CHlpynolidin-2^ne as a colouriess oil. 
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iH NMR (CDCI3). 5 (ppm); 6.29 (IH. dt, J = 2.6. 9.2 Hz); 4.59 (IH. br.d): 4.17 (IH, 
m). 2.82 (IH. m); 2.66 - 2.50 (2H, m); 2.34 (2H, l, J = 7.8 Hz); 1.96 (2H. q. J = 7.6 
Hz); 1.44 (IH. m); 1.43 (9H. s); 1.12 (IH. m). 0.89 (3H. d. J = 5.3 Hz); 0.88 (3H. I. J 
= 6.9 Hz). 

Dicthylcyanophosponoacetate (0.30 cnr». 1.92 mmol) was added to a solution of 
BocIle-\jr[CH=CH]pyirolidin-2-one (180 mg. 0.64 mmol) and UCN (OJ M in DMF, 3.84 
cm^, 1.92 mmol) in dry DMF (2 cm^). under a nitrogen atmosphere. The reaction was 
sdir«i at room temperature for 30 min. Hie mixmre was dfluted with water (20 cnr*) and 
then extracted with ethyl aceute (2 x 30 cm^). The combined organic layers were washed 
with water (5 x 10 cm^). dried (Na2S04) and evaporated to afford 360 mg (>100%) of 
crude product A portion of this crude cyano-phosphonate (284 mg. 0.64 mmol) was 
dissolved in diy THF, and sdned under nitrogen. rerr-Butanol (47 mg. 0.64 mmol) was 
added, followed by the dropwise addition of a solution of samarium (H) iodide (0.1 M in 
THF, 19.2 cm^. 1.92 mmol). After the final addition, die reaction was stirred for a further 
30 nin before the addition of 2N HCl (20 cm^). The mixture was extracted with diethyl 
ether (3 x 30 cm^). The combined ethereal layers were washed with 10% NajSiOs 
solution (10 cm3), water (2 xlO cm^) and brine (2 x 10 cm^). The solution was dried 
(Na-,S04). evaporated and the crude residue subjected to column chromatography (90:10, 
hcxanerethyl acetate) to yield 122 mg (66%) of a diastereomeric mixmre of 
BocIle[2-(RS)-cyano-v(CH=CH)pyrrolidine] as a colourless oiL 

iH NMR (CDCI3). 5 (ppm); 5J2 (IH, d, J = 9.6 Hz); 4J (IH, br.s); 4.12 (IH. m); 
3.35 (IH. m); 2.57 (IH. m); 2.38 (IH. m); 2.17 (IH. m); 1.91 (2H, m); 1.69 (2H, m); 
1.53 (IH. m); 1.43 (9H. s); 1.12 (IH, m); 0.92 (1.5 H. d. J = 7.3 Hz); 0.91 (1.5 H. d. J 
= 73 Hz); 0.89 (IJ H, d, J = 6.6 Hz): 0.86 (IJ H, t. J = 6.9 Hz). 

Treatment of diis diastereomeric mixmre with 4N HCl/dioxan for 60 min removed the 
protecting group. Evaporation of the isolvent and subsequent reverse phase HPLC of the 
residue afforded the two pure diastereomers. 

(150) , (47 mg, 60%) FAB Mass Spec: Calculated 192.2. Found (M+H)+= 193.2 

(151) , (28 mg, 36%) FAB Mass Spec: Calculated 192.2, Found (M+H)"^ = 193 

Preparative mediods described herein in relation to Tables 1 - 8 and in examples one to 
seven form pan of the present invention. 
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Abbreviations 

Boc rerf-Butyloxycarbonyl 

Bn Benzyl 

BSA Bovine serum albumin 

^Bu n-Butyl 

Ch Cyclohexyl 

DMF Dimethylfonnanride 

DMP Dess-Martin Periodane 

EDTA Ethylenediamincteiraaccric acid 

FAB Fast atom bombardment 

Gua Guanidinyl 

HPLC High performance liquid chromatography 

THx n-Hexyl 

Mass Spec Mass spectrometry 

mCPBA mera-Chloroperbenzoic acid 

Mol Wt Molecular weight 

ONSu N-O-Succinimide 

Pfp Pentafluorophenyl 

Ph Phenyl 

Pip Piperidyl 

Pri Pynolidide 

Py Pyridine 

PyBop Benzotriazole4-yl-K)3qr-tiis-pyrioUdino-phosphonium 

hcxafluorophosphaic 
WSCD Water soluble carbodiimidc 
Z Benzyloxycarbonyl 
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CLAIMS 

1. Inhibitors of DP-IV mediated processes selected from those of general formula 



A-B (Groups I and II) and <d; 



€ A-B ^A-B € A-B 

and 



where Bis 



A-B ^A-B 6 A-B 

(Group m) 



n = 1 or2; 
m = 0, lor2; 

X = CH2. 0, S. SO, SO2. NH or NRi where = lower alkyl (Ci to Cg); 

-Y = -N, -CH or =C (when the -CO group of A is replaced with -CH= or-CF=); 

R = H, CN. CHO. B(OH)2. OC-R7. or CH=N-Rs where R, = H. F. lower alkyl (C; to 

Cfi). CN. NO2. CO2R9 or COR4: R9 = lower alkyl (Ci 10 Q); Rj = Ph. OH. OR9. 

OCOR9 or OBn; A is attached to Y; 

and wherein for the Group I compounds 

(a) when R is H, A is an a-amino-acyl group derived from an a-amino-acid bearing 
a cycloaUphatic side-chain or is a p-amino-acyl group of general formula 

^CH-CO- 

wherc p is 1 to 6, the ring in eidier case optionally having unsaturaiion and/or 
heteroatom substitution; 

(b) when R =-CN. C^C-R? or CH=N-R8. A is as defined at (a) and in addition may 
be derived from any l^a-amino add bearing a Upophilic side-chain; 



(c) 



and when R = CHO or B(OH)2, A is a p-amino-acyl group as defined under (a); 
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for the Group n compounds. R is H. CN. OC-R7 or -CH=N-R8 and A is 



(i) 



(CH2),-C0-D V- (CH2).-S02-Di 




or 




CO , 
1 I 



CO 



where a = 1 - 5; D = -G-(CH2)b-(R4),-R3; G = O. NH or NMe; b = 0 - 12; q = 0 
- 5; = D with G ^ O; R4 = 2>NH-(CH2)c- or NH-Z-(CH2)c- where c = 1 - 12 
and Z = CO. CH2 or SOj; R3 = COjH or ester thereof. CONHj. CONHNHj, 
CONR5R6, CONHNRjRfi. PO3H or ester thereof. SO3H, SOjNH^. SO2NR5R6. 
OH,- OR5. subsiirated or unsubstituted aryl or heieroaryl, NHj. NR5R6. 
NHCO2R5'. NHSO2NR5R6. -NHCOR5. NH-SO2R5. NH-CH(:NR5)NR5R6. 
NHCONR5R6. sugar. CO-aminosugar. NHCO-aminosugar or -NHCS- 

aminosugar. and R5 and R« are independently selected &om H and lower alkyl. 

fluoroalkyl and cycloalkyl groups of up to 8 atoms and aryl. heteroaryl and alkyl _ 

hcteroaiyl groups of up to 11 atoms or R5 and Rg may together comprise a 

chain (C3 to Cg); oris 

H N H-jN 
Cu) ' >- (^3).NR^E 

c6 

1 

where R^ = H or Me, the ring may contain more hetcroatoms, E = 
HCH2)b-CR4)q R3. J = CO. CH2 or SO^. and a. b. q. R3 and R4 are as 
defined under ®". or is 





r2 H5N 



Cm) N ^ or 



CO OL 
1 




OL 



where R^ = H or Me, the ring may contain one or more heteroatoms. and 

L = (CH2)a-[COV(CH2)b-(R4).i-R3 or (.CH.^c-i^'<CH.i)^<^\-^Z where 
r = 0 or 1. d = 0 - 4. e = 2 - 4. and b. q. R3 andR4 are as defined under CO; 



wo 95/15309 



* 50 



PCT/GB94/02615 



and for the Group m compounds, each B may have any identity defined 
therefor above, eadi A may be chosen from any Group H smicture (i). (ii) or 
(iii) above with the tenniBal groups R3 in the A residues replaced with a shared 
group -€-a)-€- or -€-£- or -o, and € and (o are selected indcpendendy from CHj. 
O, NH, CO. S, SO2. Ph and NMe; 

and wherein in Groups H and ffl at least one CH, group in a chain may be 
replaced by a bioisostere thereof or any amide group which connects A and B in 
a Group I, H or EI compound or which is in a side-chain of A in a Group U or 
m compound may be replaced by an amide bioisostere. 



2. An inhibitor of a DP-IV mediated process selected from examples 1 - 152 of 
Tables 1 to 8 herein. 

3. The use of a compound according to claim 1 or 2 for the preparation of a 
medicament for inhibiting DP-IV mediated processes. 

4. A method of treating or preventing disorder due to a DP-IV mediated process in 
a padent. which comprises administering to the patient a DP-IV inhibiting amount of 
compound according to claim 1 or 2. 



5. A phamiaceuiical composition containing a DP-IV inhibiting amount of compound 
according to claim 1 or 2. 
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Box I Observations where certain claims were Tound unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been cstabfished in respect of certain daims under Article t7(2}(a) for the following reasons: 
I. rn Claims Nos.: 

because the>urelate to subject matter not required to be searched by this Authority, namely: 

Although claim 4 Is directed to a method of treatment of (diagnostic 

method practised on) the huraan/anlraal body, the search has been carried 
out and based on the alleged effects of the compound/composition. 

i Q Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, spedncally: 



3. Q Claims Nos^ 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lajcking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international appttcatian, as follows: 



1. I I As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable daims. 

^ I I As all searchable daims could be searches without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



I { As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those daims for which fees were paid, spedHcally daimc Nos;.: 



I I No required addidonal search fees were timely paid by the appCcanL Consequently, this international search report is 
restricted to the invention Brst mentioned in the daims; it is covered by daims Nosj 



Remark on Protest | | The addiUonal search fees were accompanied by the applicant's protest 

[ I No protest accompanied the payment of additional search fees. 



internauoftal Application No. PCT/GB94/ 0261: 



FURTHER INFORMATION CONTINUED FROM PCTyiSA/ 



Lackof condseness 



The definition of the following sut)stituent(s) Is too general and/or encompasses 
too broad a range of totally different chemical groups, only partly supported by 
examples given in the descriptive part of the application: 
A, B, e, w 

The number of theoretically conceivable compounds resulting from the combination 
of all claimed substituents of above list precludes a comprehensive search. 
Guided by the spirit of the application and the inventive concept as disclosed 
in the descriptive part of the present application the search has been limited to the 
following case(s): 
Examples 1-7 

(Cf. Arts. 6. 15 and Rule 33 PCT. Guidelines Exam. Part B, Chapt. Ill, 3,6, 3.7) 



